Cell-associated glutamyl aminopeptidase activity was detected in several strains of Neisseria meningitidis and Moraxella urethralis grown in liquid culture. Enzymatic activity was released from washed cells by ultrasonic treatment and monitored fluorometrically by measuring the release of aryl groups from 17 different aminoacyl-,f-naphthylamides. Substrates containing a glutamyl moiety were readily hydrolyzed by both N. meningitidis and M. urethralis. Glutamyl aminopeptidase activity was partially purified from crude sonicates by means of ion-exchange and gel chromatography, and samples were examined by polyacrylamide gel electrophoresis. Kinetic and pH studies were performed to partially characterize activities. The molecular weight of the M. urethralis enzyme was approximately 88,000, whereas the apparent molecular weight of the N. meningitidis enzyme was shown to be in excess of 200,000. M. urethralis produced two glutamyl aminopeptidases, one specific for a -y-glutamyl moiety, the other specific for an a-glutamyl moiety. In contrast, N. meningitidis produced a single glutamyl aminopeptidase which hydrolyzed a-and -y-glutamyl-substituted fl-naphthylamides.
Aminopeptidase (arylamidase) activity has been detected in a wide variety of bacteria and fungi, and the specificity of these activities has been applied to the differentiation of microorganisms (3, 5, 7, 11, 18) . Cell-associated aminopeptidase activities have been investigated in several species of Neisseria (2, 5, 18) and Moraxella (5) . Among the aminoacyl-,B-naphthylamide substrates used to monitor aminopeptidase specificity, those substrates containing a glutamyl residue were uniquely hydrolyzed by Neisseria meningitidis and Moraxella urethralis (5) . Since the glutamyl aminopeptidase activities represented a common characteristic of these bacteria, it was of interest to determine whether the glutamyl aminopeptidase activities were a function of similar enzymes or in contrast resided upon distinctly different proteins. Little is known relative to the molecular character of aminopeptidases responsible for the various activities being used as tools in microbial differentiation. A central issue in the use of aminopeptidase activities for the differentiation of microorganisms is whether the activities reside on a relatively ubiquitous small number of similar proteins with multiple specificities for amino acid residues or on a multiplicity of protein species with limited amino acid specificity. In an attempt to gain insight into this issue, this communication deals with partial purification and characterization of glutamyl aminopeptidases from N. meningitidis and M. urethralis.
MATERIALS AND METHODS
Organisms. The 15 strains of N. meningitidis used in this study were obtained from the Center for Disease Control; the 5 strains of M. urethralis were a gift of E. Juni. Cultures were maintained and their identity was confirmed as previously described (5).
Chemicals. Aminoacyl-,B-naphthylamides were obtained from commerical sources (Sigma Chemical Corp., Vega-Fox Biochemicals, ICN) and used without further purification. Molecular exclusion and ion-exchange gels were products of Pharmacia ( 14 ,300. The void volume was determined by the elution volume of blue dextran (Pharmacia).
Gel electrophoresis. Polyacrylamide gel electrophoresis was carried out as described by Davis (6) except that sample and stacking gels were omitted and the electrophoresis buffer was 5.0 mM Tris-glycine, pH 8.3. Protein samples were applied to gels in a 30% solution of sucrose containing 0.0004% bromophenol blue. Samples usually contained 100 to 300 mg of protein.
Gels were stained for protein with Coomassie brilliant blue G-250 in perchloric acid as described by Reisner et al. (14) . Staining of acrylamide gels for aminopeptidase activity was carried out by coupling the f?-naphthylamine liberated from aminoacyl-finaphthylamides with diazo dye as previously described (13) .
Preparation of crude extracts. Growth from chocolate agar plates incubated for 18 to 24 h in 5% C02 at 35°C was inoculated into 50 ml of liquid medium contained in 250-ml Erylenmeyer flasks. The liquid medium described by Jones and Tally (9) was used and sterilized by filtration. Flasks were incubated at 35°C on a rotary shaker operated at 80 rpm. After 20 to 24 h of incubation, cells in the stationary growth phase were harvested by centrifugation at 5,000 rpm.
Partial purification of glutamyl aminopeptidases. Unless otherwise indicated, all operations were carried out at 4°C. An Amicon cell was used for ultrafiltration.
Step 1. Sonication. Harvested cells were washed twice with 0.05 M Tris-hydrochloride buffer, pH 8.5, and suspended in 8.0 to 25.0 ml of the same buffer. The suspension was cooled to 4°C and disrupted with the aid of a Branson Sonifier (model 200) operated at 20,000 Hz in a pulsed 40% duty cycle at a power setting of 100 W. Disruption was carried out for 6 to 10 min with continuous cooling. Cellular debris was removed by centrifugation at 10,000 rpm for 30 min. The supernatant fraction was stored at 0 to 5°C and constituted the crude enzyme preparation.
Step 2. Ion-exchange chromatography. A 4.0-to 10.0-ml sample from step 1 (usually containing 120 to 400 mg of protein) was applied to a column of diethylaminoethyl-Sephadex A-25 (2.5 by 55 cm) previously equilibrated with 0.05 M Tris-hydrochloride buffer, pH 8.5. The column was eluted with a salt gradient (0.0 to 0.5 M NaCl) in the same buffer.
Fractions of 5.0 ml were collected at a flow rate of 40 ml/h. Each fraction was assayed for protein and enzymatic activity. Fractions containing activity were pooled, concentrated, and dialyzed by ultrafiltration with a Diaflo PM-10 membrane at a nitrogen pressure of 25 lb/in2.
Step 3. Molecular exclusion chromatography. The protein solution from step 2 was applied to a column of Sephadex G-200 (2.5 by 60 cm) previously equilibrated with 0.1 M Tris-hydrochloride buffer, pH 8.1, containing 0.2 M NaCi. The column was eluted with the same buffer. Fractions of 3.0 ml were collected at a flow rate of 20 ml/h. Each fraction was monitored for protein and enzyme activity. Active fractions were pooled, concentrated, and dialyzed with a Diaflo PM-10 membrane at a nitrogren pressure of 15 lb/in2. The resulting preparations were stored at 0 to 5°C or frozen until used.
RESULTS
The aminopeptidase substrate profile of crude sonicates from representative strains of N. meningitidis and M. urethralis is summarized in Table 1 . Comparable activities were exhibited by the remaining strains of each organism employed in the study. N. meningitidis was capable of hydrolyzing a wide variety of aminoacyl-finaphthylamides. In contrast, M. urethralis demonstrated little hydrolytic capability toward substrates which did not contain a glutamyl residue. Both organisms hydrolyzed -y-and a-linked glutamyl-3-naphthylamides.
Partial purification of glutamyl aminopeptidase. Crude sonicates were subjected to ion-exchange chromatography. The elution profiles are illustrated in Fig. 1 . Glutamyl aminopeptidases from N. meningitidis and M. ureth- ralis were retained by the column under the conditions employed and were eluted by approximately 0.30 to 0.50 M NaCI. -y-and a-Glutamyl aminopeptidase activities were shown to coelute in all preparations tested. Fractions containing the bulk of the glutamyl aminopeptidase activities were pooled, concentrated by ultrafiltration, and applied to a molecular exclusion gel column (Fig. 2) . a-Glutamyl aminopeptidase activity from preparations of N. meningitidis and M. urethralis was shown to elute in the void volume of the column, as did the -y-glutamyl aminopeptidase activity from N. meningitidis. The -y-glutamyl aminopeptidase activity from M. urethralis preparations was retarded by the column and eluted as a single peak.
Fractions of glutamyl aminopeptidase from Sephadex G-200 were subjected to gel electrophoresis. After staining for protein, multiple bands were detected in all preparations. In staining gels from N. meningitidis preparations for aminopeptidase activities, both y-and a-glutamyl activities migrated as a single band which could not be resolved by the methods employed (Fig. 3) . Activity toward alanyl-4-methoxy-,fnaphthylamide was also exhibited by this band, but no other activity was detected. The a-glutamyl aminopeptidase from M. urethralis did not contain detectable -y-glutamyl aminopepti- dase activity and migrated to a position in the gels that was similar to the N. meningitidis preparations (Fig. 3) . The -y-glutamyl aminopeptidase from M. urethralis migrated further toward the anode than did other glutamyl aminopeptidases and did not demonstrate a-glutamyl aminopeptidase activity.
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Aminopeptidase profiling promises to be a useful technique for the identification of microorganisms. The molecular properties of enzymes demonstrating similar activities should be examined to determine the basis for the activity, since the spectrum of microbial specificity of aminopeptidases is a function of the expression of activity, as well as presence of the enzyme. The array of aminopeptidase activities used for the identification of microorganisms should be simplified by examining the enzymes responsible and, where possible, placing multiple activities into general categories.
